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1.1 Machine-Detector Interface 
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Mail to:  mokhov@fnal.gov 
1.1.1 Introduction 
In order to realize the high physics potential of a Muon Collider (MC) a high luminosity 
of +--collisions at the Interaction Point (IP) in the TeV range must be achieved (~1034 
cm-2s-1). To reach this goal, a number of demanding requirements on the collider optics and 
the IR hardware, arising from the short muon lifetime and from relatively large values of 
the transverse emittance and momentum spread in muon beams that can realistically be 
obtained with ionization cooling [1], should be satisfied. These requirements are aggravated 
by limitations on the quadrupole gradients [2] as well as by the necessity to protect 
superconducting magnets and collider detectors from muon decay products [3, 4]. The 
overall detector performance in this domain is strongly dependent on the background 
particle rates in various sub-detectors. The deleterious effects of the background and 
radiation environment produced by the beam in the ring are very important issues in the 
Interaction Region (IR), detector and Machine-Detector Interface (MDI) designs. This 
Chapter is essentially based on studies presented very recently [5, 6]. 
1.1.2 Sources of Background and Radiation Load 
   There are three sources of beam-induced backgrounds and radiation loads in MC: 
incoherent e+e- pair production at the interaction point, beam halo loss on limiting apertures 
and muon beam decays. The first source, with its 10-mb cross-section, gives rise to 
backgrounds in detector of 3×104 electron pairs per bunch crossing. It can be confined with 
the appropriate design of the MDI components assisted by the high solenoidal field of the 
detector. The second source is taken care of by the beam halo collimation (extraction) far 
upstream of IR. 
Muon decays is the major source. At 0.75-TeV, with 2×1012 muons in a bunch, one has 
4.28×105 decays per meter of the lattice in a single pass, and 1.28×1010 decays per meter 
per second for two beams. Electrons from muon decays have mean energy of 
approximately 1/3 of that of the muons. These ~250-GeV electrons, generated at the above 
rate, travel to the inside of the ring magnets, and radiate a lot of energetic synchrotron 
photons tangent to the electron trajectory. Electromagnetic showers induced by these 
electrons and photons in the collider components generate intense fluxes of muons, hadrons 
and daughter electrons and photons, which create high background and radiation levels 
both in a detector and in the storage ring at the rate of 0.5-1 kW/m (to be compared to a few 
W/m in hadron colliders). Without corresponding mitigation measures, the quench stability 
and cryogenic issues in superconducting magnets and background loads to a detector have a 
potential of killing the idea of a high-energy muon collider. 
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1.1.3 IR Lattice 
The basic parameters of the muon beams and of the collider lattice necessary to achieve 
the desired luminosity are given in a previous Chapter. The major problem to solve was 
correction of the chromaticity of IR quadrupoles in such a way that the dynamic aperture 
remained sufficiently large and did not suffer much from strong beam-beam effect. To 
achieve these goals a new approach to the IR chromaticity correction was developed [1] 
which may be called a three-sextupoles scheme. The IR layout and beam sizes for * = 1 
cm are shown in Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Beam sizes and aperture of the final focus. 
1.1.4 IR Magnet Design 
The IR doublets are made of relatively short quadrupoles (no more than 2 m long) to 
optimize their aperture according to the beam size variation and allow placing protecting 
tungsten masks in between them. The first two quadrupoles in Fig. 1 are focusing ones and 
the next three are defocusing ones. The space between the 4th and 5th quadrupoles is 
reserved for beam diagnostics and correctors. The cross-sections of MC IR quadrupoles 
feature two-layer shell-type Nb3Sn coils and cold iron yokes. The coil aperture ranges from 
80 mm (Q1) to 160 mm (Q3 to Q5). The nominal field in the magnet coils is ~11-12 T, 
whereas the maximum field reaches ~13-15 T. As can be seen, all the magnets have ~12% 
margin at 4.5 K, which is sufficient for the stable operation with an average heat deposition 
in magnet mid-planes up to 1.7 mW/g. Operation at 1.9 K would increase the magnet 
margin to ~22% and their quench margin by a factor of 4. 
The specifics of the heat deposition distributions in the MC dipoles – with decay products 
inducing showers predominantly in the orbit plane – require either a very large aperture 
with massive high-Z absorbers to protect the coils or an open midplane design [1-3]. It has 
been shown [7] that the most promising approach is the open mid-plane design which 
allows the decay electrons to pass between the superconducting coils and be absorbed in 
high-Z rods cooled at liquid nitrogen temperatures, placed far from the coils. The coils are 
arranged in a cos-theta configuration [1, 7]. The coil aperture in the IR dipoles is 160 mm, 
a (cm) 
5x 
Q1 
5y 
s (m) 
Q2 
Q4 B1Q5 Q6Q3 
 the gap
nomina
1.1.5 
Energ
All the 
element
hall and
superco
opening
cone in
The 0.7
all part
(~0.001
 
 
 
   Calcu
fifth fin
plots is 
and def
 
 
 
 height is 5
l field is 8 T
Energy Dep
y depositio
related deta
s and tunne
 machine-d
nducting m
s are place
side the det
5-TeV muon
icles but ne
 eV). 
lated power
al focus qu
toward the 
ocusing qua
5 mm with
. 
osition in I
n and detec
ils of geom
l in the ±20
etector inter
agnets and 
d in the IR
ector [3, 4] 
 beam is as
utrons is 20
Figure 2: 
 density (ab
adrupoles a
ring center, 
drupoles. 
 supporting
R Magnets
tor backgrou
etry, materi
0-m region
face (Fig. 2
detector, 10
 magnet int
were imple
sumed to be
0 keV, whil
MARS15 mod
sorbed dose
nd in Fig. 4
the peak en
 Al-spacers
 
nds are sim
als distribu
from IP, de
) are imple
 and 20-cm
erconnect r
mented into
 aborted aft
e neutrons 
el of IR (left) 
) profiles ar
 for the fir
ergy deposit
, and magn
ulated with
tions and m
tector comp
mented in t
 tungsten m
egions and 
 the model 
er 1000 turn
are followed
and MDI (righ
e shown in 
st IR dipole
ion is on th
etic length 
 the MARS
agnetic fiel
onents [9], 
he model. T
asks with 5
a sophistica
and careful
s. The cut-o
 down ther
t). 
Fig. 3 for th
. The right 
is side for th
is 6 m. Th
15 code [8
ds for lattic
experimenta
o protect th
 x,y ellipti
ted tungste
ly optimized
ff energy fo
mal energie
 
e second an
side in thes
e IR dipole
3
e 
]. 
e 
l 
e 
c 
n 
. 
r 
s 
d 
e 
s 
 
4 
 
F
 
   The
powe
the N
temp
IR qu
tungs
 
 
igure 3: Powe
 open midp
r density in 
b3Sn supe
erature, first
adrupoles 
ten liner in 
Figure 4: M
r density (abso
lane design
the IR dipo
rconductor-
 four quadru
is 5 to 10 t
the magnet a
ARS15 mode
rbed dose) pr
defocusin
 for the dip
les is about 
based coils
poles are op
imes above
perture. 
l of the first IR
 
ofiles in the Q
g quadrupole 
oles provid
2.5 mW/g, b
 at the 1
erationally 
 the limit. T
 dipole (left) a
LB2 focusing 
(right). 
es for their
eing safely
.9-K opera
stable, whil
his heat lo
nd power den
quadrupole (le
 safe opera
 below the q
tion temper
e the level i
ad could b
sity profiles in
 
ft) and QLB5 
tion. The p
uench limit
ature. At 
n the next th
e reduced b
 
 it (right). 
eak 
 for 
this 
ree 
y a 
 1.1.6 
   In t
intercon
the dete
the 6 to
optimiz
electron
With so
region (
is obtai
decays 
   Fig. 5
the tunn
GeV at
energie
energet
compon
maximu
for a on
luminos
electron
 
 
 
   Reali
started 
implem
Si detec
backgro
    Ackn
N.K. Te
 
MDI and D
he IR desig
nect region
ctor by a su
 600 cm re
ed later [1
s created cl
phisticated 
Fig. 2), tota
ned. With su
in the region
 (left) show
el concrete 
 50-100 m f
s of tens to 
ic photons f
ents. The n
m neutron 
e-year ope
ity. More w
s in the trac
Figure 5: 
stic simulat
and reveale
ented into th
tors and tim
und-induce
owledgeme
rentiev and
etector Bac
n assumed
 (needed to 
bstantial fa
gion from t
,3]), assiste
ose to the IP
tungsten, iro
l reduction 
ch an IR d
 of about ±3
s muon flux
walls and so
rom the IP 
hundreds of
rom electrom
eutron isofl
fluence and 
ration are a
ork is need
ker and calo
Muon isofluxe
ions of dete
d that bac
e MDI des
e gate of 2-
d hits. 
nts to my 
 A.V. Zlobin
krounds 
, the dipole
protect mag
ctor. The tu
he IP (as pr
d by the de
 as well as 
n, concrete
of backgrou
esign, the m
0 m from th
 isocontour
il outside is
compared t
 GeV - illum
agnetic sho
uences insid
absorbed do
t a 10% lev
ed to further
rimeter whi
s in IR (left) a
ctor perfor
kround load
ign. It was f
3 ns, one ca
co-authors Y
. 
s close to 
nets) help r
ngsten nozz
oposed in t
tector sole
most of inco
 and borated
nd loads by 
ajor source
e IP. 
s in the MC
 position-de
o 0.2 MeV 
inate the e
wers gener
e the detec
ses in the i
el of that in
 suppress th
ch exceed th
nd neutron iso
mance in p
s are mana
ound that w
n get furthe
.I. Alexah
the IP and 
educe back
les with 10-
he very ear
noid field, 
herent e+e-
 polyethyle
more than t
 of backgrou
 IR. Note t
pendent an
close to the
ntire detecto
ated by deca
tor are show
nnermost la
 the LHC 
e very high
ose at proto
fluences in the
resence of 
geable than
ith fast (< 0
r substantia
in, V.V. K
tungsten m
ground part
20 degree o
ly days of M
trap most o
pairs genera
ne shielding
hree orders 
nds in dete
hat the cut-
d can be as h
 IP. These m
r. They are
y electrons
n in Fig. 5
yer of the s
detectors at
 fluences of
n colliders.
 detector (righ
these backg
ks to all t
.5 ns) verte
l reduction 
ashikhin, S.
asks in eac
icle fluxes i
uter angle i
C [10] an
f the deca
ted in the IP
 in the MD
of magnitud
ctor is muo
off energy i
igh as a few
uons – wit
 produced b
 in the lattic
 (right). Th
ilicon tracke
 the nomina
 photons an
 
 
t). 
rounds hav
he measure
x and tracke
of number o
I. Striganov
5
h 
n 
n 
d 
y 
. 
I 
e 
n 
n 
 
h 
y 
e 
e 
r 
l 
d 
e 
s 
r 
f 
, 
 
6 
 
1.1.7 References 
1. Y.I. Alexahin, E. Gianfelice-Wendt, V. V. Kashikhin, N.V. Mokhov, A.V. Zlobin, 
PRSTAB (2011). 
2. I. Novitski, V.V. Kashikhin, N.V. Mokhov, A.V. Zlobin, ASC2010, Fermilab-Conf-
10-277-APC-TD (2010). 
3. C.J. Johnstone, N.V. Mokhov, in Proc. Snowmass 1996, pp. 226-229 (1996). 
4. C.J. Johnstone, N.V. Mokhov, in Proc. PAC97, pp. 414-416 (1997). 
5. N.V. Mokhov, Y.I. Alexahin, V.V. Kashikhin, S.I. Striganov, A.V. Zlobin, “Muon 
Collider Interaction Region and Machine-Detector Interface Design”, MOODN6, 
PAC2011, Fermilab-Conf-11-094-APC-TD (2011). 
6. N.V. Mokhov, “Muon Collider Machine-Detector Interface and Detector 
Backgrounds”, Plenary talk at the Muon Collider 2011 Workshop, Telluride, 
Colorado, June 27 – July 1, 2011 
7. N.V. Mokhov, V.V. Kashikhin, I. Novitski, A.V. Zlobin, “Radiation Effects in a 
Muon Collider Ring and Dipole Magnet Protection”, THP085, PAC2011, Fermilab-
Conf-11-095-APC-TD (2011). 
8. N.V. Mokhov, http://ww-ap.fnal.gov/MARS/. 
9. http://www.4thconcept.org/4LoI.pdf 
10. G.W. Foster, N.V. Mokhov, AIP Conf. Proc. 352, Sausalito (1994), pp. 178-190. 
 
